F or decades, researchers have been interested in the influence of social relationships on health, with research showing significant and meaningful associations between social relationships and a multitude of mental health and other outcomes. [1] [2] [3] [4] [5] Lack of social contact is an objective measure of social isolation, 6 has been implicated in risk of depression, 7 and is particularly troubling in elderly populations. 8 Loneliness, a subjective sense of inadequacy or dissatisfaction with one's social relationships, 9 is often conceptualized as perceived social isolation 10 and is common in older adults. 11 Social isolation may contribute to development of depression. 12 At the same time, more social contact itself may not be healthy if the interactions are characterized by interpersonal conflict and lack of social support. 7 One of the important matters that has not been addressed is the effect of frequency of particular modes of social contact on depression. People interact in many ways -whether meeting in person, talking on the telephone, or having written or e-mail communication, but it is unclear to what extent older adults use each mode of social contact, who the contacts are with, and whether the association between social contacts and depression varies according to mode of social contact. Surveys that assess social contact have almost invariably lumped various means of contact and types of social relationships together or simply not distinguished between them. 6, [13] [14] [15] In addition, past studies of social isolation and mental health outcomes have typically examined cross-sectional data, limiting any consideration of the longitudinal effects. 14, 15 Increases in the popularity of various modes of social contact that do not occur in person 16 add to the importance of determining the effects of how people have contact with others.
Berkman et al. comprehensive conceptual model of how social networks influence health outcomes such as depression provides additional theoretical grounding to the research gaps highlighted above. Their model showcases a cascading set of causal processes that include upstream social network characteristics and downstream interpersonal behaviors. Moreover, this model highlights characteristics including frequency of contact by different modalities (specifically noting face-to-face vs telephone vs mail), as well as type of social relationship (described as boundedness of social groups). 17 To address these knowledge gaps, the frequency of inperson, telephone, and written or e-mail social contact between adults aged 50 and older and their children, other family members, and friends was assessed. Subsequent depressive symptoms of respondents was focused on as the outcome. The research questions (RQs) were as follows. RQ1: Are different modes of social contact (in-person, telephone, and written or e-mail) associated with differential risk of depressive symptoms? RQ2: Is social contact with different types of people associated with different risk of depressive symptoms? RQ3: Does age, baseline social support, interpersonal conflict, or depression moderate any effect of frequency of contact on future depressive symptoms?
METHODS

Sample and Data Source
Data were obtained from a nationally representative cohort of adults aged 50 and older who participated in the Health and Retirement Survey (HRS) between 2004 and 2010. Health and Retirement Survey is a longitudinal survey of a nationally representative cohort of older adults in the United States, with survey waves every 2 years. [18] [19] [20] [21] Since 2004, a random subsample of participants has completed the self-administered psychosocial Leave-Behind Questionnaire (LBQ), which contains measures of social contact. In 2004, the response rate for the overall HRS sample was 68.7% for individuals and 71.4% for households; the cooperation rate for the LBQ (which takes into account whether an individual was asked to complete it) was 78.2%, and the response rate was 69.9% (available at http://hrsonline.isr.umich.edu/).
The analyses were limited to HRS participants who completed the in-person interview in 2004, 2006, 2008, or 2010 and were eligible for and completed the psychosocial LBQ in 2004, 2006, or 2008 . Of these 16,800 individuals, 241 lacked a baseline depressive symptoms score, 3,758 lacked a follow-up depressive symptoms score (because of death or missing response), and 1,736 were missing values in at least one baseline covariate, leaving 11,065 respondents for the main analyses. Respondents lacking at least one follow-up depressive symptoms score or missing baseline covariates were significantly more likely at baseline to be older, male, nonwhite, less educated, unmarried, and depressed; to differ in household size; and to have lower net worth, impairment in activities of daily living (ADLs), less social support, and less social contact than the final sample. The difference in proportions of these characteristics between excluded and included groups was less than 20% for all variables and in most cases less than 10%. For the purpose of this study, baseline was defined as the first survey wave in which the participant completed the LBQ. Sample size for particular analyses varies depending on the group of interest specific to the analysis (e.g., participants with children for analyses of social contact with children).
Dependent Variable
Depressive symptoms were measured using the eight-item Center for Epidemiologic Studies Depression Scale (CES-D 8), administered during the in-person interview with participants. The CES-D 8 measures eight depressive symptoms over the past week (e.g., "I felt depressed"; "My sleep was restless") with response choices of yes or no. The total number of symptoms was summed to create a score ranging from 0 to 8. This variable was dichotomized, with participants with four or more depressive symptoms, a frequently used cut-off producing results similar to the full 20-item CES-D, classified as having clinically significant depressive symptoms. 22, 23 Independent Variables
Mode of Social Contact Variables
The primary predictor was frequency of use of three modes of social contact: in-person, telephone, and written (including e-mail). Participants were asked about their use of each mode of social contact with each of three social relationship types: their children, their family (other than children), and their friends. The combination of these three modes of contact and three types of people resulted in a total of nine variables. For example, the three survey items addressing social contact with children participants were as follows:
"On average, how often do you do each of the following with any of your children, not counting any who live with you?" "Meet up (include arranged and chance meetings)" (hereafter, in-person contact) "Speak on the telephone" (hereafter, telephone contact) "Write or e-mail" (hereafter, written or e-mail contact) Six response choices were available for each of these nine variables: three or more times per week (1), once or twice per week (2), once or twice per month (3), every few months (4), once or twice per year (5) , less than once per year or never (6) . For the primary analyses, each variable was collapsed into four levels (1, 2, 3, (4) (5) (6) , based on frequency of response and distribution of the data.
Composite Social Contact Variable
A composite variable was constructed consisting of all nine mode of social contact variables described above. The variable value was an average frequency of all written or e-mail, telephone, and in-person contact between the respondent and their children, other family, and friends. This scale had adequate internal consistency (Cronbach alpha = 0.70) and ranged from 1 to 6.
Additional covariates were incorporated into the models to help adjust for potential confounding. These covariates were selected for their known associations with depression or social contact 6, 24, 25 and were maintained if they significantly altered the relationship between the primary predictors and depressive symptoms. Continuous variables were age, wealth (net worth), impairment in ADLs, household size, social support, and interpersonal conflict. Impairment in ADLs was coded as a variable ranging from 0 to 5, which represented how many of the following activities the participant reported at least some difficulty with: bathing, dressing, eating, getting in and out of bed, and walking across a room. Social support and interpersonal conflict were measured using brief scales assessing relationships with family members and friends; scales were similar to those used in prior analyses of quality of social relationships. 25 Social support was defined as endorsing, on average, at least some on three items asking how much others "really understand the way you feel about things," "you (can) rely on them if you have a serious problem," and "you (can) open up to them if you need to talk about your worries." Interpersonal conflict was defined as endorsing, on average, at least some on four items asking how much others: "get on your nerves," "criticize you," "let you down when you are counting on them," and "make too many demands on you." In 2004, only the first three items for interpersonal conflict were included. Cronbach alpha was 0.76 for interitem reliability in the scales of social support and 0.86 in interpersonal conflict. Categorical variables were sex, race and ethnicity, marital status, educational attainment, presence of at least one child living within 10 miles, and presence of baseline depressive symptoms (CES-D 8 ≥ 4).
Data Analysis
All analyses were conducted using HRS survey weights. The respondent weight for the LBQ adjusts for nonresponse to the psychosocial questionnaire in 2004 and selection into the face-to-face interview sample from which LBQ respondents were drawn. 26 To help ensure that data are nationally representative, the weight is scaled to yield weighted sums that correspond to the number of individuals in the U.S. population as measured using the March Current Population Survey for the year of data collection. Robust standard errors were obtained by clustering error structure at the household level.
For the analytical approach, first, descriptive statistics of all variables used in the multivariable analyses were examined. Second, Pearson chi-square tests of independence and linear regression were performed to assess bivariate associations between categorical variables and continuous variables, respectively. Third, multivariable logistic regression analyses were used to examine the adjusted associations between frequency of social contact and depressive symptom status. Regression diagnostic procedures were used to examine the models for multicollinearity and assess goodness of fit. Four primary multivariable models were computed that differed according to which predictor of subsequent depressive symptoms was used: composite social contact and frequency of each mode of social contact with respondents' children, other family members, and friends.
In the multivariable models, three sequential sets of covariates were used; Model 1 contains adjustments for respondents' sociodemographic characteristics (age, sex, race, education, marital status, net worth, household size, children living within 10 miles), Model 2 contains adjustments for Model 1 sociodemographic characteristics plus clinical characteristics (number of impaired ADLs and baseline depressive symptoms), and Model 3 contains adjustments for Model 2 sociodemographic and clinical characteristics plus social support and interpersonal conflict. Fourth, predicted probabilities were generated using the average marginal effect and graphed to facilitate interpretation. For moderator analyses, interaction terms were created and tested separately within Model 3.
Two sensitivity analyses were conducted to address missing data. First, multiple imputation was performed using the fully conditional specification of the Markov chain Monte Carlo method. Five imputed data sets were created, and all variables available (including baseline CES-D 8 score and all covariates) were included in the imputation model. Pooled estimates were computed using Rubin's combination rules. 27 Second, to account for respondents without follow-up CES-D 8 data, a competing risk model was used in which death and missing were included as an outcome in the multinomial logistic regression (0 = no depressive symptoms, 1 = depressive symptoms, 2 = missing or death).
Statistical significance was established at P < .05 for main effects and P < .10 for interaction effects. All statistical analyses were performed using survey procedures in Stata version 12.0 (Stata Corp., College Station, TX). The institutional review board at the University of Michigan approved HRS, all participants provided informed consent, and the data specifically used for this study contained no unique identifiers.
RESULTS
Sample Characteristics and Correlates
Approximately one-third each of the 11,065 participants were in their 50s, 60s, and 70s or older (Table 1) ; 88.4% were white, 50.8% had at least some college education, and 54.1% lived in two-person households. The rate of significant depressive symptoms was 13.5% at baseline and 13.1% at 2-year follow-up. Participants used telephone contact the most, closely followed by in-person contact. Written or e-mail contact was least used, with mean frequency less than every few months for all social relationships.
RQ1: Are Different Modes of Social Contact Associated with Different Risk of Depressive Symptoms?
To address the primary aim, whether frequency of each of three modes of social contact (in-person, telephone, written or e-mail) at baseline was associated with depressive symp-toms 2 years later was examined. The probability of an individual having clinically significant depressive symptoms as a function of the frequency of social contacts with all people at baseline (children, other family, friends) was estimated. Multivariable models that included all potential confounders were used for these predicted probabilities (Model 3), with covariates held at mean values. Individuals who had in-person social contact on average every few months or less had an 11.5% (95% confidence interval (CI) = 0.09-0.136) chance of depressive symptoms 2 years later, which was significantly higher than those having inperson contact once or twice per week (7.3%, 95% CI = 0.05-0.09, P < .001) or once or twice per month (8.1%, 95% CI = 0.07-0.09, P < .001) ( Figure 1 ). Individuals with the most-frequent in-person contact (≥3 times/wk) had the lowest probability of depressive symptoms (6.5%, 95% CI = 0.01-12.3). Individuals who had written or e-mail contact on average every few months or less had a 9.7% (95% CI = 0.08-0.11) chance of depressive symptoms 2 years later, which was significantly higher than those having written contact once or twice per month (6.2%, 95% CI = 0.04-0.08, P = .001). There were no significant differences based on frequency of telephone social contact.
RQ2: Is Social Contact with Different Types of People Associated with Different Risk of Depressive Symptoms?
Next, social contact with each type of person was analyzed separately. For social contact with children, there were no associations with depression that maintained significance after controlling for all covariates in Model 3 ( Table 2) . A similar pattern emerged for the effect of frequency of social contact with other family members on subsequent depressive symptoms. No associations for the overall sample were significant in the final model (Table 3) . For relationships with friends, mode of social contact was significantly associated with odds of developing depressive symptoms 2 years later even after adjusting for all demographic, clinical, and social covariates ( Table 4 ). More-frequent in-person contact with friends was associated with lower odds of subsequent depressive symptoms than contact every few months or less (OR = 0.57, 95% CI = 0.44-0.76, P < .001 for 1-2 times/wk; OR = 0.60, 95% CI = 0.42-0.86, P = .005 for ≥3 times/wk).
To determine whether social contact with one relationship might substitute for another, posterior probability of depressive symptoms across varying levels of social contact was examined, adjusting for multiple comparisons. Increasing the frequency of contact with children or other family members did not result in significantly different probabilities of depression, regardless of frequency of contact with friends (results not shown).
RQ3: Does Baseline Age, Social Support, Interpersonal Conflict, or Depression Moderate the Effect of Frequency of Contact on Future Depressive Symptoms?
First, whether results from the analyses using Model 3 (Tables 2-4) differed between individuals younger than 70 and those aged 70 and above was explored. For older individuals, in-person contact with children (OR = 0.47, 95% CI = 0.28-0.78, P = .004) and other family (OR = 0.52, 95% CI = 0.29-0.93, P = .03) at least three times per week predicted a significantly lower risk of depressive symptoms 2 years later. In contrast, for individuals aged 50 to 69, only frequent in-person contact with friends was significant (OR = 0.55, 95% CI = 0.38-0.78, P = .001 for 1-2 times/wk; OR = 0.59, 95% CI = 0.38-0.93, P = .02 for ≥3 times/wk).
Next, whether self-rated quality of participants' social relationships interacted with their frequency of social contact to influence depressive symptoms was examined. For participants' relationships with their children, interpersonal conflict moderated the association between frequency of in-person contact and depressive symptoms such that risk of depressive symptoms was higher as interpersonal conflict and contact rose (OR = 1.16 for the interaction term, 95% CI = 1.03-1.30, P = .01). A similar relationship was observed for participants' relationships with other family and frequency of written or e-mail contact (OR = 1.17 for the interaction term, 95% CI = 0.99, 1.38, P = .07). No other significant interactions between mode of contact and social support or interpersonal conflict were detected.
Then, to determine whether the association between social contact and depressive symptoms at follow-up differed according to participant baseline depression status, an analysis was conducted using Model 3, with participants stratified according to baseline depressive symptoms. Morefrequent in-person contact with friends was associated with lower risk of depression only in participants not depressed at baseline (OR = 0.53 for 1-2 times/wk, 95% CI = 0.38-0.74, P < .001; OR = 0.54 for ≥3 times/wk, 95% CI = 0.35-0.83, P = .005). In contrast, telephone contact with friends was associated with lower risk of depressive symptoms only in participants who were depressed at baseline (OR = 0.51, 95% CI = 0.30-0.86, P = .01 for 1-2 times/wk; OR = 0.55, 95% CI = 0.31-1.00, P = .049 for ≥3 times/wk). Written or e-mail contact with friends once or twice per week was associated with lower risk of future depressive symptoms only in those without depression at baseline (OR = 0.61, 95% CI = 0.41-0.91, P = .01). 
Sensitivity Analyses
For both of the sensitivity analyses (multiple imputation, competing risk model), results yielded coefficients similar to those obtained in the sample, and all significant results in the primary analyses were maintained, which suggests that there was minimal bias due to missing data.
DISCUSSION
These results support the claim that how and with whom a person has social contact affects future risk of depressive symptoms. The most important finding is that more-frequent in-person contact at baseline was associated with lower probability of depressive symptoms 2 years later and was in a dose-dependent fashion. In-person social contact involving more activation or being perceived as a moresupportive interaction could explain this. Telephone contact was the most-common mode of social contact, but rates of depressive symptoms remained static across varying levels of telephone contact, and variable rates of depressive symptoms across levels of written or e-mail contact prevent conclusions about it having an effect. An important caveat regarding the effect of in-person contact -at least in older adults' relationships with their children -is that if frequent contact is also characterized by interpersonal conflict, risk of depressive symptoms is greater rather than less. These data also emphasize that with whom a person has social contact may affect risk of depression and that the degree of influence may depend on how old an individual is. For those in their 50s and 60s, social contact with friends may be particularly important in preventing future depressive symptoms. In contrast, results in those aged 70 and older suggest that frequent contact with children or other family members is protective against depression. In addition, an earlier study that examined mostly middleaged adults younger than 50 found that the quality of relationships with spouses and family members, but not friends, predicted development of depression 10 years later. 25 These complex and varying results suggest that future studies should more closely examine whether different social relationships serve different mental health functions across the age spectrum. Perhaps relationships with family members are most relevant when many people are focused on raising families (often aged <50) and in retirement (often aged ≥70), whereas relationships with friends are most relevant between those ages.
This study has several implications for depression prevention, risk reduction, and intervention design. Some researchers have recently postulated that indirect modes of contact such as Facebook and other online venues may not influence health in the same way or to the same degree as direct, in-person contact. 28 If these types of social contact are substituted for in-person interactions, there could be greater population-level risk for depression. Public health strategies that promote or facilitate in-person social contact may be particularly helpful for primary prevention of depression. Primary care clinicians can emphasize and educate people on the value of face-to-face social contact with close supports. In contrast, for an individual with a known history of depression, telephone-based social support interventions may be effective. This is a noteworthy distinction and one that supports the current trend toward delivery of telephone-based mental health services. 29, 30 Other intervention options that draw on the present study's results include trying to expand the social network of individuals with depression with a small number of individuals they might come to identify as a "friends." Prior research indicates that having as few as two close friends is associated with better psychological well-being. 31 Peer support specialists may be especially suitable for this approach. 32 As far as the authors are aware, this is the first study to examine the effect of mode of social contact on risk of clinically significant depressive symptoms. Moreover, because of the broad array of covariates, including those addressing geographical proximity to others, household size, and social support in the models, the results indicate the unique effect of mode of social contact on depressive symptoms. When mode of contact has previously been examined, it has almost invariably been mode of contact in an intervention with a healthcare provider rather than with members of an individual's natural social network. 33 The current study also included contact over e-mail, which has rarely been investigated in depression studies. Additional study strengths include large sample size, national representativeness, longitudinal follow-up, and adjustments for cluster effects and survey nonresponse.
Several limitations of this study bear consideration in interpreting the findings. First, a large number of individuals from the HRS could not be included in the primary analyses because of lack of available data on social contact or lack of follow-up depressive symptom scores (due to death, nonresponse, or other reasons), but this was unlikely to bias the sample toward participants with a systematically different pattern of social contact based on the results of a sensitivity analysis with multiple imputation. Multiple imputation provided replacement of these missing values for social contact (and other variables), and its strength is as a flexible, advanced approach that works well at removing such biases in simulation experiments. 34 Regarding missing follow-up depression data, the sensitivity analysis using a competing risk model included all individuals missing longitudinal depression data and still found similar estimates of depression risk. This statistical technique helps provide reassurance about the validity of the outcome estimates, 35 although because base-year weighting does not correct for attrition, generalization of the results is probably limited to those with less-severe depressive symptoms. Second, the outcome measure, the CES-D 8, is based on depressive symptoms rather than clinical diagnosis of depression. Third, the measure of social contact was limited to social contact with non-co-residing individuals. Finally, although the longitudinal analyses provided stronger evidence than cross-sectional studies that social contact affects subsequent depressive symptoms, experimental evidence, such as that from a randomized intervention, would provide stronger support for causality. In summary, the findings in a large, nationally representative sample of Americans aged 50 and older suggest that more-frequent in-person social contact predicts lower risk of depressive symptoms 2 years later, and of different social relationships, in-person contact with one's friends is specifically associated with lower risk of depression. Clinicians and researchers should consider by what means and with whom people have social contact when considering promotion of social support for older adults at risk of depression.
